A TORSIONAL VIBRATION DAMPER 



CROSS-REFERENCE TO RELATED APPLICATIONS 
[001] This application claims priority of Korean Application No. 10-2003- 
0036873, filed June 9, 2003, the disclosure of which is incorporated fully herein by 
reference. 

FIELD OF THE INVENTION 

[002] The present invention relates to a torsional vibration damper (i.e., a dual 

mass flywheel) for a vehicle. 

BACKGROUND OF THE INVENTION 

[003] A dual mass flywheel (hereinafter referred to as a flywheel) is generally 
used for damping a torsional vibration that is generated during power transmission 
between an output shaft of an engine and an input shaft of a transmission. Typical prior 
flywheels include a first mass, a second mass, and a damping unit disposed between the 
first and second masses. The first mass is connected to the output shaft of the engine, 
and the second mass is connected to the input shaft of the transmission through a clutch 
mechanism. 

[004] The first and second masses are connected to each other through the 
damping unit such that the first and second masses can rotate relative to each other. 
Generally, the engine drives wheels, but the engine may be driven by an inertia force of 
a vehicle. Therefore, the first and second masses must be designed to relatively rotate in 
both directions. 

[005] When engine torque is substantially high and the vehicle is driven with a 

specific gear ratio, a relative rotation between the first and second masses reaches its 
limit. Furthermore, when the engine torque changes irregularly, the first and second 
masses may be dashed against a member for limiting the relative rotation of the first and 
second masses. 

[006] To solve such problems, the flywheel is designed to have a high level of 
damping characteristics. 

[007] In the prior flywheel, when the relative rotation between the first and second 
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masses occurs, a magnitude of torque cannot be regulated. Furthermore, a damping 
effect of the flywheel is almost constant even when the relative rotation between the 
first and second masses occurs. The information disclosed in this Background of the 
Invention section is only for enhancement of understanding of the background of the 
invention and should not be taken as an acknowledgement or any form of suggestion 
that this information forms the prior art that is already known to a person skilled in the 
art. 

SUMMARY OF THE INVENTION 

[008] Embodiments of the present invention provide a torsional vibration damper 
that can realize variable damping characteristics according to a rotation speed and a 
relative rotation of a primary mass with respect to a secondary mass. 
[009] In a preferred embodiment of the present invention, the torsional vibration 
damper comprises a primary mass, a secondary mass, and a damping unit. The primary 
mass is adapted to be coupled to an engine crankshaft for rotation about a rotational axis 
of the engine crankshaft, and it defines a substantially ring-shaped chamber that is 
divided into at least two portions. The secondary mass is relatively rotatably connected 
to the primary mass and connectable with a clutch. The damping unit couples the 
primary and secondary masses to each other in a rotationally elastic manner. The 
damping unit comprises a plurality of elastic members, a pair of end guides, and a 
wedge-shaped friction member. The elastic members are situated in series and disposed 
one after the other within the divided portion of the ring-shaped chamber. The end 
guides are slidably disposed within the divided portion of the ring-shaped chamber and 
support outer ends of the end elastic members among the plurality of elastic members. 
The wedge-shaped friction member is slidably disposed between neighboring elastic 
members, and it comprises an inner wedge and an outer wedge that are elastically 
supported by the neighboring elastic members such that the outer and inner wedges 
move in opposite directions. 

[0010] It is preferable that the inner wedge is provided with a first slanted 
contacting surface, the outer wedge is provided with a second slanted contacting 
surface, and the inner and outer wedges contact each other through the first and second 
slanted contacting surfaces, so that the outer wedge is urged to move outwardly and the 
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inner wedge is urged to move inwardly when the neighboring elastic members are 
compressed. 

[0011] It is preferable that a mean operating radius of the elastic member 
supporting the outer wedge is greater than a mean operating radius of the elastic 
member supporting the inner wedge. 

[0012] It is also preferable that the elastic member is a coil spring. 
[0013] It is further preferable that a first coil spring receiving hole is formed on one 
side of the inner wedge and a first slanted contacting surface is formed on the other side 
of the inner wedge, a second coil spring receiving hole is formed on one side of the 
outer wedge and a second slanted contacting surface is formed on the other side of the 
outer wedge, and the first slanted contacting surface and the second contacting surface 
contact each other so that the outer wedge is urged to move outwardly and the inner 
wedge is urged to move inwardly when the neighboring coil springs are compressed. 
[0014] It is further preferable that a bottom surface of the first coil spring receiving 
hole is slanted so that the bottom surface and an end surface of the coil spring are 
angled when the coil spring is not compressed. 

[0015] It is still further preferable that the bottom surface of the first coil spring 
receiving hole is slanted such that an outer end portion of the coil spring contacts the 
bottom surface and an inner end portion of the coil spring does not contact the bottom 
surface when the coil spring is not compressed. 

[0016] Preferably, a bottom surface of the second coil spring receiving hole is 
slanted so that the bottom surface and an end surface of the coil spring are angled when 
the coil spring is not compressed. 

[0017] Further preferably, the bottom surface of the second coil spring receiving 
hole is slanted such that the an outer end portion of the coil spring contacts the bottom 
surface and an inner end portion of the coil does not contact the bottom surface when 
the coil spring is not compressed. 

[0018] It is preferable that a groove is formed on at least one of outer surfaces of 
the outer and inner wedges along a circumferential direction of the ring-shaped 
chamber. 

[0019] It is also preferable that a groove is formed on at least one of outer surfaces 
of the outer and inner wedges along a direction substantially perpendicular to a 
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circumferential direction of the ring-shaped chamber. 

[0020] It is preferable that the ring-shaped chamber is divided into at least two 
portions by a protrusion that is formed on the primary mass, and an oil passageway is 
formed on at least one side of the protrusion. 

[0021] Preferably, the outer wedge is configured to move in a radially outward 
direction so that the outer wedge contacts an outer surface of the ring-shaped chamber, 
and the inner wedge is configured to move in a radially inward direction so that the 
inner wedge contract an inner surface of the ring-shaped chamber, when the elastic 
members are compressed. 

[0022] It is preferable that at least one bushing is disposed between the primary 
mass and the secondary mass. 

[0023] It is preferable that the ring-shaped chamber is at least partially filled with 
lubrication oil. 

[0024] Preferably, the torsional vibration damper further comprises a drive plate 
that is coupled to the secondary mass and is configured to compress the damping unit 
when a relative rotation between the primary mass and the secondary mass occurs. 
[0025] It is preferable that at least two compression fins are provided on an outer 
circumference of the drive plate, the compression fins compressing the damping unit 
when the secondary mass relatively rotates with respect to the primary mass. 
[0026] In another embodiment of the present invention, the torsional vibration 
damper comprises a primary mass, a secondary mass, and a damping unit. The primary 
mass is adapted to be coupled to an engine crankshaft for rotation about a rotational axis 
of the engine crankshaft, and it defines a substantially ring-shaped chamber that is 
divided into at least two portions. The secondary mass is relatively rotatably connected 
to the primary mass and connectable with a clutch. The a damping unit couples the 
primary and secondary masses to each other in a rotational ly elastic manner. The 
damping unit comprises a plurality of elastic members, a pair of end guides, and a 
wedge-shaped friction member, and a concentrated mass friction member. The elastic 
members are situated in series and disposed one after the other within the divided 
portion of the ring-shaped chamber. The end guides are slidably disposed within the 
divided portion of the ring-shaped chamber and support outer ends of the end elastic 
members among the plurality of elastic members. The wedge-shaped friction member is 
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slidably disposed between neighboring elastic members, and it comprises an inner 
wedge and an outer wedge that are elastically supported by the neighboring elastic 
members such that the outer and inner wedges move in opposite directions. The 
concentrated mass friction member is slidably disposed between the neighboring elastic 
members and is provided with a concentrated mass at a center portion thereof. 
[0027] It is preferable that the concentrated mass has a triangular section. 
[0028] It is also preferable that the elastic member is a coil spring. 
[0029] It is further preferable that a first coil spring receiving hole is formed on one 
side of the concentrated mass friction member, a second coil spring receiving hole is 
formed on the other side of the concentrated mass friction member, and one of the 
neighboring coil springs is inserted into the first coil sprig receiving hole and the other 
of the neighboring coil springs is inserted into the second coil spring receiving hole. 
[0030] It is preferable that a bottom surface of the first coil spring receiving hole is 
slanted so that the bottom surface and an end surface of the coil spring is angled when 
the coil spring is not compressed. 

[0031] Tt is preferable that a bottom surface of the second coil spring receiving 
hole is slanted so that the bottom surface and an end surface of the coil spring is angled 
when the coil spring is not compressed. 

[0032] Preferably, a groove is formed on an outer surface of the concentrated mass 
friction member along a circumference direction of the ring-shaped chamber. 
[0033] It is preferable that a groove is formed on an outer surface of the 
concentrated mass friction member along a direction substantially perpendicular to a 
circumferential direction of the ring-shaped chamber. 

[0034] It is also preferable that the inner wedge is provided with a first slanted 
contacting surface, the outer wedge is provided with a second slanted contacting 
surface, and the inner and outer wedges contact each other through the first and second 
slanted contacting surfaces, so that the outer wedge is urged to move outwardly and the 
inner wedge is urged to move inwardly when the neighboring elastic members are 
compressed. 

[0035] It is further preferable that the elastic member is a coil spring. 

[0036] It is still further preferable that a first coil spring receiving hole is formed on 

one side of the inner wedge and a first slanted contacting surface is formed on the other 
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side of the inner wedge, a second coil spring receiving hole is formed on one side of the 
outer wedge and a second slanted contacting surface is formed on the other side of the 
outer wedge, and the first slanted contacting surface and the second contacting surface 
contact each other so that the outer wedge is urged to move outwardly and the inner 
wedge is urged to move inwardly when the neighboring coil springs are compressed. 
[0037] It is preferable that a bottom surface of the first coil spring receiving hole is 
slanted so that the bottom surface and an end surface of the coil spring are angled when 
the coil spring is not compressed. 

[0038] It is preferable that a bottom surface of the second coil spring receiving hole 
is slanted so that the bottom surface and an end surface of the coil spring are angled 
when the coil spring is not compressed. 

[0039] Preferably, a groove is formed on at least one of outer surfaces of the outer 
and inner wedges along a circumferential direction of the ring-shaped chamber. 
[0040] It is preferable that a groove is formed on at least one of outer surfaces of 
the outer and inner wedges along a direction substantially perpendicular to a 
circumferential direction of the ring-shaped chamber. 

[0041] It is preferable that the ring-shaped chamber is divided into at least two 
portions by a protrusion that is formed on the primary mass, and an oil passageway is 
formed on at least one side of the protrusion. 

[0042] It is preferable that the outer wedge is configured to move in a radially 
outward direction so that the outer wedge contacts an outer surface of the ring-shaped 
chamber, and the inner wedge is configured to move in a radially inward direction so 
that the inner wedge contract an inner surface of the ring-shaped chamber, when the 
elastic members are compressed. 

[0043] Preferably, at least one bushing is disposed between the primary mass and 
the secondary mass. 

[0044] It is preferable that the ring-shaped chamber is at least partially filled with 
lubrication oil. 

[0045] Preferably, the torsional vibration damper further comprises a drive plate 
that is coupled to the secondary mass and is configured to compress the damping unit 
when a relative rotation between the primary mass and the secondary mass occurs. 
[0046] It is also preferable that at least two compression fins are provided on an 
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outer circumference of the drive plate, the compression fins compressing the damping 
unit when the secondary mass relatively rotates with respect to the primary mass. 
[0047] In another embodiment of the present invention, the torsional vibration 
damper comprises a primary mass, a secondary mass, and a damping unit. The primary 
mass is adapted to be coupled to an engine crankshaft for rotation about a rotational axis 
of the engine crankshaft, and it defines a substantially ring-shaped chamber that is 
divided into at least two portions. The secondary mass is relatively rotatably connected 
to the primary mass and connectable with a clutch. The damping unit couples the 
primary and secondary masses to each other in a rotationally elastic manner. The 
damping unit comprises a plurality of elastic members and at least one friction member 
disposed between the elastic members, and the elastic members have different mean 
operating radii. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] The accompanying drawings, which are incorporated in and constitute a part 
of the specification, illustrate an embodiment of the invention, and, together with the 
description, serve to explain the principles of the invention, where: 
[0049] FIG. 1 is a sectional view of a torsional vibration damper according to a 
preferred embodiment of the present invention as viewed approximately along line A-A 
in FIG. 2; 

[0050] FIG. 2 is a partially broken-away plan view showing an inner structure of a 
torsional vibration damper according to a preferred embodiment of the present 
invention; 

[0051] FIGs. 3 and 4 show a drive plate of a torsional vibration damper according 
to a preferred embodiment of the present invention; 

[0052] FIGs. 5 to 7 show a wedge-shaped friction member of a torsional vibration 
damper according to a preferred embodiment of the present invention; 
[0053] FIGs. 8 to 10 show a concentrated mass friction member of a torsional 
vibration damper according to a preferred embodiment of the present invention; 
[0054] FIGs. 1 1 to 1 3 show an end guide of a torsional vibration damper according 
to a preferred embodiment of the present invention; 

[0055] FIG. 14 shows operating centers and mean operating radii of the damping 
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units of the torsional vibration damper of FIG. 2; and 

[0056] FIG. 1 5 shows a torsional vibration damper according to another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0057] Hereinafter, a preferred embodiment of the present invention will be 
described in detail with reference to the accompanying drawings. 
[0058] As shown in FIGs. 1 and 2, a torsional vibration damper 10 according to a 
preferred embodiment of the present invention is disposed between an engine (not 
shown) and a transmission (not shown), and plays a role to dampen torsional vibration 
that is generated during power transmission. A torsional vibration damper 10 according 
to a preferred embodiment of the present invention can be used between any power 
transmitting portion, instead of between the engine and the transmission. 
[0059] In an exemplary embodiment, primary mass 1 1 is adapted to be coupled to 
the engine crankshaft 1 for rotation about a rotational axis "X" of the engine crankshaft 
1 . A secondary mass 13 is relatively rotatably connected to the primary mass and is 
configured to be connectable with a clutch 3. A hub 15 is coupled to the primary mass 
1 1 through a rivet (or a bolt) 17, and the secondary mass 13 is rotatably connected to the 
hub 1 5 through bushings (or bearings) 1 9a and 1 9b, so the secondary mass 1 3 is 
rotatably connected to the primary mass 11. It is preferable that two bushings 1 9a and 
19b are used, in order to disperse torsional stress to prevent metamorphoses of the 
bushings 19a and 19b. 

[0060] Referring to FIGs. 1 and 2, the primary mass 1 1 has a shape of a circular 
plate. A folded edge portion 21 is provided around the edge of the primary mass 1 1, 
and a cover 23 is coupled to the edge portion 21 to define a ring-shaped chamber 25 
around the circumference of the primary mass 1 1 . 

[0061] The ring-shaped chamber 25 is divided at least two portions by a first 
protrusion 27 that is formed on the primary mass 1 1 and a second protrusion 29 that is 
formed on the cover 23. For example, in the embodiment of FIG. 2, the ring-shaped 
chamber 25 is divided into two portions, with a pair of protrusions 27 and 29 at the top 
and bottom of damper 10. In the plan view of FIG. 2 the protrusions are not visible, but 
they are positioned around compression fins 63 and 65 as shown in FIG. 1 and 
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described below. In alternative embodiments, chamber 25 can be divided into more 
than two portions by using more than two pairs of protrusions. 
[0062] The ring-shaped chamber 25 is preferably at least partially filled with 
lubrication oil. The first and second protrusions 27 and 29 are preferably formed near a 
radial center portion of the ring-shaped chamber 25 so that lubrication oil passageways 
127 and 129 are formed on both sides of the first and second protrusions 27 and 29. 
Therefore, lubrication oil can move between the divided portions of the ring-shaped 
chamber 25 through the lubrication oil passageways 127 and 129. 
[0063] A ring gear 3 1 is formed in an outer circumference of the primary mass 1 1 . 
The ring gear 3 1 is for connection with a start motor (not shown). 
[0064] A damping unit 33 is disposed in each divided portion of the ring-shaped 
chamber 25. The damping unit 33 couples the primary mass 1 1 and the secondary mass 
13 to each other in a rotationally elastic manner. The damping unit 33 elastically 
supports at least one of the first and second protrusions 27 and 29. If the first and second 
protrusions 27 and 29 formed on the primary mass 1 1 are elastically supported by the 
damping unit 33, a rotational force can be transmitted between the primary and 
secondary masses 11 and 13. 

[0065] As shown in FIG. 2, the damping unit 33 includes coil springs 35, 37, 39, 
and 41 ; a wedge-shaped friction member 43; concentrated mass friction members 45 
and 47; and a pair of end guides 49 and 5 1 . The friction members 43, 45, and 47 have 
direct effects on damping characteristics of the damping unit 33, so they can be called a 
hysteresis element. Auxiliary coil springs 53, 55, 57, and 59 are respectively disposed 
within the coil springs 35, 37, 39, and 41. Therefore, each pair of the springs can 
provide a two-step damping coefficient. Instead of the coil springs 35, 37, 39, and 41, 
and the auxiliary coil springs 53, 55, 57, and 59, other suitable elastic members that can 
be compressed and provide an elastic force can be used. 

[0066] Outer ends 49a and 5 la of end guides 49 and 5 1 , respextively, are supported 
by the first and second protrusions 27 and 29. The coil springs 35, 37, 39, and 41 are 
situated in series and disposed one after the other within each portion of ring-shaped 
chamber 25. The end guides 49 and 51 are slidably disposed within the ring-shaped 
chamber 25, and the end guides 49 and 51 support outer ends of the end coil springs 35 
and 41 among the coil springs 35, 37, 39, and 41. 
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[0067] As shown in FIG. 2, it is preferable that the wedge-shaped friction member 
43 and the concentrated mass friction member 45 (or 47) are alternately disposed. 
However, as shown in FIG. 15, it is also preferable that only the wedge-shaped friction 
member can be used. 

[0068] As shown in FIGs. 1 and 2, a drive plate 61 is fixedly coupled to the 
secondary mass 13, such that the drive plate 61 can compress the damping unit 33. 
[0069] As shown in FIGs. 3 and 4, the drive plate 61 has a ring shape, and first and 
second compression fins 63 and 65 are oppositely provided on an outer circumference 
of the drive plate 61 . The compression fins 63 and 65 are positioned within the ring- 
shaped chamber 25, and they have shapes and sizes for moving in the ring-shaped 
chamber 25. 

[0070] The compression fins 63 and 65 are disposed between the protrusions 27 
and 29 when power is not being transmitted in the torsional vibration damper 10. (See 
FIG. 1) When power transmission occurs in the torsional vibration damper 10, the 
compression fins 63 and 65 compress the end guide 49 (or 51). That is, when the drive 
plate 61 relatively rotates with respective to the primary mass 1 1 in a counter clockwise 
direction in FIG. 2, the first compression fin 63 compresses the end guide 49 and the 
second compression fin 65 compresses an end guide (not shown) that is disposed near 
the end guide 51 in the other divided portion of the ring-shaped chamber 25. The end 
guide 5 1 is supported by the first and second protrusions 27 and 29, so that damping 
between the primary and secondary masses 1 1 and 1 3 can occur. On the other hand, 
when the drive plate 6 1 relatively rotates with respective to the primary mass 1 1 in a 
clockwise direction in FIG. 2, the second compression fin 65 compresses the end guide 
5 1 and the first compression fin 63 compresses an end guide (not shown) that is 
disposed near the end guide 49 in the other divided portion of the ring-shaped chamber 
25. The end guide 49 is then supported by the first and second protrusions 27 and 29, so 
that a damping between the primary and second masses 1 1 and 1 3 can occur. 
[0071] As shown in FIG. 4, the first and second compression fins 63 and 65 have 
different widths, so that the damping units in the two divided portions of the ring- 
shaped chamber 25 are sequentially compressed. That is, the first compression fin 63 
that has a wider width firstly compresses one of the two damping units that are disposed 
within each divided portions of the ring-shaped chamber 25, and the second 
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compression fin 65 that has a narrower width secondly compresses the other damping 
unit. Accordingly, two-step damping characteristics are realized. Because the two 
damping units are sequentially compressed by the compression fins 63 and 65 that have 
different widths, shock is decreased when compared with the case that two damping 
units are simultaneously compressed. 

[0072] As shown in FIGs. 2 and 5, the wedge-shaped friction member 43 includes 
an inner wedge 43a and an outer wedge 43b. As shown in FIG. 5, a coil spring 
receiving hole 67 is formed in one side of the inner wedge 43 a, and a slanted contacting 
surface 73 is formed in the other side of the inner wedge 43a. The coil spring 37 and 
the auxiliary coil spring 55 are inserted into the coil spring receiving hole 67 of the 
inner wedge 43a. Similarly, a coil spring receiving hole 69 is formed in one side of the 
outer wedge 43b, and a slanted contacting surface 71 is formed in the other side of the 
outer wedge 43b. The coil spring 39 and the auxiliary coil spring 57 are inserted into 
the coil spring receiving hole 69 of the outer wedge 43b, as shown in FIGs. 5 and 6. 
The inner and outer wedges 43a and 43b are disposed such that the two contacting 
surfaces 73 and 71 face each other, as shown in FIG. 5. 

[0073] If the coil springs 37 and 39 are compressed, the outer wedge 43 b rides up 
the slanted contacting surface 73 of the inner wedge 43 a, and the inner wedge 43 a rides 
down the slanted contacting surface 71 of the outer wedge 43b. Accordingly, if the coil 
springs 37 and 39 are compressed, the inner wedge 43 a moves in a radially inward 
direction so that the inner wedge 43a contacts an inner surface 1 18 of the ring-shape 
chamber 25 to generate a friction force therebetween, and the outer wedge 43 b moves in 
a radially outward direction so that the outer wedge 43b contacts an outer surface 1 1 7 of 
the ring-shaped chamber 25 to generate a friction force therebetween. 
[0074] As shown in FIG. 5, protrusions 44a and 44b are respectively formed along 
an inner end of the slanted contacting surface 73 of the inner wedge 43 a and along an 
outer end of the slanted contacting surface 71 of the outer wedge 43b. Relative 
movements of the inner and outer wedges 43a and 43b are restricted by the protrusions 
44a and 44b. In another embodiment of the present invention, protrusions may not be 
formed on the slanted contacting surfaces 71 and 73. 

[0075] Friction force between the wedge-shaped friction member 43 and the 
primary mass 1 1 goes up as a compression degree of the coil springs 37 and 39 goes up 
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and as the relative rotation between the primary mass 1 1 and the secondary mass 1 3 
increases. That is, the magnitude of the friction force generated by the wedge-shaped 
friction member 43 is proportional to the relative rotation between the primary and 
secondary masses 1 1 and 13. By regulating an angle of the slanted contacting surfaces 
73 and 71 of the inner and outer wedges 43a and 43b 5 a desired friction force can be 
obtained. 

[0076] Furthermore, as shown in FIG. 5, a bottom surface 75 of the coil spring 
receiving hole 67 of the inner wedge 43 a is slanted, so that the bottom surface 75 and an 
end surface 79 of the coil springs 37 and 55 are angled with an angle of A. Similarly, a 
bottom surface 77 of the coil spring receiving hole 69 of the outer wedge 43b is slanted, 
so that the bottom surface 77 and an end surface 81 of the coil springs 39 and 57 are 
angled with an angle of B. That is, in a state that the coil springs 37 and 55 are not 
compressed, outer portions of the coil springs 37 and 55 contact the bottom surface 75 
of the coil spring receiving hole 67, and an inner portion of the coil springs 37 and 55 
do not contact the bottom surface 75 of the coil spring receiving hole 67. Similarly, in a 
state that the coil springs 39 and 57 are not compressed, outer portions of the coil 
springs 39 and 57 contact the bottom surface 77 of the coil spring receiving hole 69, and 
an inner portion of the coil springs 39 and 57 do not contact the bottom surface 77 of the 
coil spring receiving hole 69. 

[0077] If the coil springs 37 and 39 are compressed, the coil springs 37 and 39 are 
bent such that center portions thereof move toward a center of the primary mass 1 1 . On 
the other hand, when the torsional vibration damper 10 rotates, a centrifugal force acts 
on the coil springs 37 and 39 so that the coil springs 37 and 39 are bent by the 
centrifugal force such that the center portions thereof move outwardly. That is, the 
bending force compensates the centrifugal force. Consequently, in this embodiment, the 
coil springs 37 and 39 do not bend even at a high rotational speed. 

[0078] As shown in FIGs. 5 to 7, at least one first groove 87 and at least one second 
groove 91 are formed on an outer surface 83 of the inner wedge 43a, and at least one 
first groove 89 and at least one second groove 93 are formed on an outer surface 85 of 
the outer wedge 43b. The second grooves 91 and 93 are formed along a circumferential 
direction of the ring-shaped chamber 25, and the first grooves 87 and 89 are formed to 
be perpendicular to the second grooves 91 and 93. The first grooves 87 and 89 scrape a 
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lubrication oil film existing at an outer surface 1 17 of the ring-shaped chamber 25. 
Consequently, a thickness of the lubrication oil film can be maintained to be constant. 
The second grooves 91 and 93 play a role of a lubrication oil passageway. Accordingly, 
the lubrication oil can be evenly dispersed in the ring-shaped chamber 25. The wedge- 
shaped friction member 43 generates a friction force that is proportional to a degree of 
the compression of the coil springs 37 and 39. 

[0079] As shown in FIG. 2, the concentrated mass friction elements 45 and 47 are 
disposed on each side of the wedge-shaped friction element 43. The concentrated mass 
friction elements 45 and 47 respectively include concentrated masses 95 and 97 at 
center portions thereof. It is preferable that the concentrated masses 95 and 97 have a 
triangular shape. However, it is also possible that the concentrated masses 95 and 97 
have one of various shapes such as a circle and a rectangle. The concentrated mass 
friction member 45 is shown in FIGs. 8 to 10. However, the concentrated mass friction 
member 47 has the same structure. 

[0080] As shown in FIGs. 8 and 9, the concentrated mass 95 is disposed at a 
substantially at a center portion of the concentrated mass friction member 45, and coil 
spring receiving holes 99 and 101 are formed on both sides of the concentrated mass 
friction member 45. As shown in FIG. 8, the coil spring 35 and the auxiliary coil spring 
53 are inserted into the coil spring receiving hole 99, and the coil spring 37 and the 
auxiliary coil spring 55 are inserted into the coil spring receiving hole 101. A bottom 
surface 1 03 of the coil spring receiving hole 99 is slanted, so that the bottom surface 
103 and an end surface 107 of the coil spring 35 and the auxiliary coil spring 53 are 
angled with an angle of C. Similarly, a bottom surface 105 of the coil spring receiving 
hole 101 is slanted, so that the bottom surface 105 and an end surface 109 of the coil 
spring 37 and the auxiliary coil spring 55 are angle with an angle of D. Consequently, 
due to these structures, the coil springs 35 and 37 can be prevented from being bent by 
centrifugal forces while the torsional vibration damper 10 rotates. 
[0081] As shown in FIG. 10, at least one first groove 1 1 3 and a second groove 1 1 5 
are formed on an outer surface 1 1 1 of the concentrated mass friction member 45. The 
second groove 1 1 5 is formed along a circumferential direction of the ring-shaped 
chamber 25, and the first groove 1 13 is formed to be perpendicular to the second groove 
115. The first groove 1 13 scrapes a lubrication oil film on an outer surface of the ring- 
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shaped chamber 25 so that a thickness of the lubrication oil film can be maintained to be 
constant, and the second groove 1 1 5 plays a role of a lubrication oil passageway. 
[0082] If the torsional vibration damper 10 operates (rotates), a centrifugal force 
acts on the concentrated mass friction member 95. The concentrated mass friction 
member 45 is thrust toward a radially outward direction of the primary mass 1 1 . 
Accordingly, friction occurs between the outer surface 1 1 7 of the ring-shaped chamber 
25 and the outer surface 1 1 1 of the concentrated mass friction member 45. Because the 
friction force is proportional to a rotation speed of the torsional vibration damper 10, the 
concentrated mass friction member 45 can realize a damping characteristic proportional 
to the rotation speed of the torsional vibration damper 10. 

[0083] Referring to FIGs. 1 1 to 13, the end guide 49 will be explained. The end 
guide 51 is symmetric with the end guide 49, so explanations for the end guide 51 will 
be omitted. 

[0084] A contacting surface 1 19 is formed on one side of the end guide 49, and a 
coil spring receiving hole 121 is formed on the other side thereof. The contacting 
surface 1 1 9 contacts the first protrusion 27 of the primary mass 1 1 and the second 
protrusion 29 of the cover 15. When the drive plate 61 relatively rotates with respect to 
the primary mass 1 1, the contacting surface 119 contacts the fist compression fin 63 of 
the drive plate 61. A bottom surface 123 of the coil spring receiving hole 121 is slanted, 
so that the bottom surface 121 and an end surface of the coil spring 35 are angled with 
an angle of D, i.e., an outer portion of the coil spring 35 contacts the bottom surface 121 
and an inner portion of the coil spring 35 does not contact the bottom surface, while the 
coil spring 35 is not compressed. Accordingly, when the coil is compressed, the outer 
portion is firstly compressed. Therefore, due to this structure, the coil spring 35 can be 
prevented from being bent by a centrifugal force when the torsional vibration damper 1 0 
rotates. 

[0085] At least one first groove 229 and a second groove 131 are formed on an 
outer surface 227 of the end guide 49. The second groove 1 3 1 is formed along a 
circumferential direction of the ring-shaped chamber 25, and the first groove 229 is 
formed to be perpendicular to the second groove 131. The first groove 229 scrapes a 
lubrication oil film on the outer surface 1 1 7 of the ring-shaped chamber 25 so that a 
thickness of the lubrication oil film can be maintained to be constant, and the second 
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groove 1 3 1 plays a role of a lubrication oil passageway. As stated in the above, the 
damping unit 33 is disposed in the divided portion of the ring-shaped chamber 25, and it 
is compressed when a relative rotation occurs between the primary and auxiliary masses 
1 1 and 13, thereby performing a damping action. 

[0086] In FIG. 14, operating centers SI, S2, S3, and S4 and mean operating radii 
Rl, R2, R3, and R4 of the coil springs 35, 37, 39, and 41 of the damping unit 33 of FIG. 
2 are shown. The operating center means a center position of a locus of the longitudinal 
center of the coil spring when the coil springs 35, 37, 39, and 41 move within the ring- 
shaped chamber 25, and the mean operating radius means a distance between the 
operating center position and the longitudinal center of the coil spring. 
[0087] As shown in FIG. 14, the mean operating radius R3 of the coil spring 39 is 
greater than the mean operating radius R2 of the coil spring 37, and the mean operating 
radius Rl of the coil spring 35 and the mean operating radius R4 of the coil spring 41 
are between R2 and R3. That is, the mean operating radius R3 of the coil spring 39 
supporting the outer wedge 43b is greater than the mean operating radius R2 of the coil 
spring 37 supporting the inner wedge 43a. Furthermore, the operating centers SI, S2, 
S3, and S4 of the coil spring 35, 37, 39, and 41 are different from each other. 
[0088] Because the operating centers and the mean operating radii of the coil 
springs 35, 37, 39, and 41 are different, the coil springs 35, 37, 39, and 41 are not 
compressed at the same time and their compression procedures are different from each 
other, so the hysteresis effect can be realized. Consequently, by regulating a contacting 
angle of the inner wedge 43a and the outer wedge 43b and the operating centers and the 
mean operating radii of the coil springs 35, 37, 39, and 41, a desired hysteresis effect 
can be realized. 

[0089] FIG. 15 shows a torsional vibration damper 200 according to another 
embodiment of the present invention. In this embodiment, a damping unit 210 of the 
torsional vibration damper 200 includes at least one wedge-shaped friction member 
without the concentrated mass friction member. In this embodiment, the primary mass, 
the secondary mass, and drive plate are substantially as in the above-stated embodiment 
of FIGs. 1 to 14, so detailed explanations for the same will be omitted. 
[0090] The damping unit 2 1 0 includes three wedge-shaped friction members 23 1 , 
233, and 235, four coil springs 237, 239, 241, and 243, and a pair of end guides 245 and 
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247. Auxiliary coil springs 249, 251, 253, and 255 are disposed within the coil springs 
237, 239, 241, and 243. 

[0091] Each of the wedge-shaped friction members 23 1, 233, and 235 includes a 
pair of wedges, i.e., inner and outer wedges 231a and 231b, inner and outer wedges 
233a and 233b, and inner and outer wedges 235a and 235b. Structures and 
configurations of the wedge-shaped friction members 231, 233, and 235 are 
substantially equal to the wedge-shaped friction member of the torsional vibration 
damper of FIGs. 1 to 14. So, a detailed explanation for the same will be omitted. The 
inner and outer wedges 231a, 231b, 233a, 233b, 235a, and 235b are disposed as shown 
in FIG. 5, operating centers SI, S2, S3, and S4 of the coil springs 237, 239, 241, and 
243 are shown in FIG. 15. 

[0092] A mean operating radius R2 of the coil spring 239 is greatest. A mean 
operating radius Rl of the coil spring 237 and a mean operating radius R3 of the coil 
spring 241 are less than a mean operating radius R4 of the coil spring 243, and R3 is 
less than Rl . That is, the mean operating radius of the coil spring supporting the outer 
wedge is greater than that of the coil spring supporting the inner wedge. Because the 
operating centers SI, S2, S3, and S4 and the mean operating radii Rl, R2, R3, and R4 
are different from each other, a hysteresis effect can be obtained during the compression 
of the coil springs 237, 239, 241, and 243. 

[0093] Although preferred embodiments of the present invention have been 
described in detail hereinabove, it should be clearly understood that many variations 
and/or modifications of the basic inventive concepts herein taught which may appear to 
those skilled in the present art will still fall within the spirit and scope of the present 
invention, as defined in the appended claims. 

[0094] According to the torsional vibration damper according to the embodiments 
of the present invention, damping effects according to the rotational speed and the 
relative rotation angle. 

[0095] Furthermore, because the mean operating radii of the coil springs are 
different, a sequential hysteresis effect can be obtained. 
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